Résumé. 2014 Abstract. 2014 Starting from the most general form of the Anderson hamiltonian, the behaviour of magnetic impurities in real metals is considered, taking into account the orbital structure of the local impurity electrons, crystal field and spin orbit splittings. The analysis is carried out in an atomic limit, in which the impurity has a well defined integer valency (a Schrieffer Wolff transformation is then valid). The main steps of a scaling procedure are described in detail. As the temperature goes down, the excited states of the ground state configuration decouple one after the other. The hierarchy of these decouplings, and their interplay with Kondo singularities are analyzed. When a Fermi liquid picture applies as T ~ 0, the number of independent parameters may be reduced considerably using symmetry and universality arguments which bypass the numerical description of the crossover region. That first part sets a language in which to describe specific problems. We apply that language to the case where the atomic ground state is an orbital singlet. In the absence of anisotropies, the only parameters are the impurity spin S and the number of orbital channels n. We show that an anomalous fixed point occurs at finite coupling when n &#x3E; 2 S. That fixed point is unstable with respect to anisotropies. The scaling trajectories are discussed for a cubic crystal field for several choices of valencies. The universality of the low temperature behaviour is clarified. A similar analysis is carried out when the atomic ground state only has one electron (or hole). The influence of crystal field and spin orbit interactions is analyzed 2014 and their relevance to the Kondo crossover and to universality is ascertained.
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J. Physique 41 (1980) [1] . A completely general description, including spin orbit effects, crystal field splitting, etc., was given by Hirst [2] , who analyzed in detail the group theoretical nature of the problem. Yet, until very recently, no attempt was made to study the Kondo effect in such realistic models. The first attempt was that of Yoshimori [3] , who considered the Anderson model commonly found in the literature, involving only a Coulomb energy U and an exchange energy J on the impurity site. Using the perturbation approach of Yamada et al. [4] , he derived a number of Ward identities satisfied by the various vertices, thus obtaining the low temperature properties of the system. Actually, his approach is not entirely correct, as it starts with an Anderson hamiltonian which is not the most general one consistent with the symmetry of the problem : one might fear that some of his results might follow from that restricted choice. A more general formulation of the problem, in the same language, has been given by Mihaly and Zawadowski [5] : it turns out that Yoshimori's results are indeed correct, independent of the unwarranted simplification he used.
In the present paper, we wish to show that the above results may be obtained very simply, without any fancy field theory or diagrams. The low temperature properties of a magnetic impurity are naturally described in the language of a Landau Fermi liquid theory, developed by one of us [6] in the simple case of a pure spin impurity. Here (1) ( (2) is clearly invariant under spin and orbital rotation). In such a form, the interaction is diagonal in m.
(') The Sa are the ordinary spin 1/2 Pauli matrices.
The theory of Yoshimori [3] (14) and (7), we infer the Kondo temperature TK at which pb -1 :
If we compare (16) Further powers in z, or interactions between more than two electrons do exist, but they are of higher order in D and thus irrelevant in the approach to the fixed point. The philosophy of that approach is discussed in some detail in ref. [7] .
In The strong r coupling is equivalent to a weak ferromagnetic T' limit : we know that the latter fixed point is attractive. We conclude that the r -oo fixed point is stable. A dimple scaling trajectory going from r = 0 to r = oo as the cut off goes to zero is thus possible. We do not prove that the cross over occurs, but at least there is no contradiction -and usually the simplest guess is the good one ! Indeed, numerical calculations by Cragg and Lloyd [15] in the case n = 1, S &#x3E; 1/2 have shown that the system evolved toward an incompletely quenched impurity spin : the strong coupling fixed point is indeed reached. In their remarkable piece of work, they show that the approach to that fixed point is still logarithmic (as it should for an effective Kondo effect with spin S'), in contrast to the case n = 2 S where the approach is analytic. , (iii) 2 S n : The corresponding strong coupling arrangement is pictured on figure 2b . There again, a nearby electron with up spin has its energy lowered by second order perturbation corrections, while an up spin electron is unaffected. The difference is that Si is now opposite to SZ. The effective Kondo coupling T' between S' and the conduction band is thur antiferromagnetic. We know that the corresponding weak coupling fixed point is repulsive. We conclude that the r -oo fixed point is unstable. The scaling trajectory, sandwiched between two unstable fixed points, has the shape shown on figure 3b : there must necessarily exist at least one fixed point with finite r in between.
One might imagine other situations as D -+ 0, for instance trapping only 2 S electrons in order to make a spin singlet. But and Migdal [16] , Fowler and Zawadowski [17] and others. Such a conclusion is comforted by the limit n very large, in which we can prove the existence of that fixed point. Let us return to the weak coupling perturbation expansion of the scaling equation (10) . Each term in the expansion may be represented by a diagram. The second order diagrams are shown on figure 1 ; the third and fourth order ones are shown on figure 4 . Since the basic scattering vertex (18) serves m, the orbital quantum number is conserved along each full electron line in the diagrams. The only way in which the number of channels enters is in an extra factor n for each electron closed loop (which may belong to any channel). The scaling equation is thus replaced by (c depends on S, but not on n : it is given in [16] ). If we retain only the first two terms in (25), we find a fixed point at When n = 1, that result is meaningless, since the expansion does not converge. On the other hand, if n is large, T * is small and the result is meaningful. Every additional vertex yields a factor r* = l/n, every additional closed loop yields a factor Both corrections are small : we have a bona fide perturbation expansion, and retaining only the first two terms of (25) is justified. In the limit n &#x3E; 1, we have thus proved the existence of T *. According to our stability discussion, such a fixed point must persist as long as n &#x3E; 2 S.
The final proof belongs to numerical calculation. Once again Cragg and Lloyd [13] figure 5 , the simplest one consistent with known limits. 6 (assuming TT T *, which looks reasonable in view of (26) : the relative excess of channels is larger for TT ). Altogether, we are left with All interaction parameters are determined : the low temperature behaviour is universal.
From the phase shift, we easily find the physical properties using the approach of ref. [6] . For (8) (see (7) ). We have shown that the VS symmetry was stable upon scaling; the renormalized coefficients a and b obey (14) . We are then in a position to carry our program : (i) nature and stability of the strong coupling limit (ii) phenomenological description of the T -0 limit. 
